In the numerous and varied conditions in which the value of physiological saline is so widely recognised, the choice must necessarily lie between the rectal, the subcutaneous, and the intravenous routes of administration. Of these, the rectal and subcutaneous methods, having a wide range of usefulness, have enjoyed the greatest popularity, while the intravenous infusion has usually been regarded as an extreme measure, and its use has been limited to cases of marked collapse, due to shock, haemorrhage, or other emergency.
With whatever purpose physiological saline solution is administered, whether for the restoration of the circulating fluids, for the replenishment of chlorides, or for the flushing out of toxins, the ultimate object in each case is dependent upon the absorption of the infusate into the circulation. With this end in view, it would seem therefore that the rectum and subcutaneous tissues must be regarded as somewhat roundabout methods of approach, and although they serve their purpose admirably in the majority of cases, they must frequently fail in the case of extremely ill patients, where absorption of fluid from the gastro-intestinal tract and subcutaneous tissues is always notoriously slow and uncertain.
Even if we refrain from questioning the ability of the colon to absorb the necessary quantity of saline solution, there are some further disadvantages attendant upon administration by 53? this route. A "rectal saline," when given very shortly after a severe operation, and possibly continued four-hourly in the case of an extremely ill patient, can prove to be a very exhausting procedure. Furthermore, it prevents that physiological rest to the colon which we must accept as being immediately desirable after almost any type of abdominal operation. Where it is considered desirable to add glucose to the saline solution, a further doubt attaches itself to the rectal route of administration. M'Nealy and Willems, 2 as the result ?f a series of experiments, have questioned the ability of the c?lon to absorb glucose in solution, and have suggested that any absorption that does occur takes place in the terminal coils the ileum, and is dependent therefore upon an altogether abnormal incompetence of the ileo-caecal valve.
The subcutaneous administration of saline solution also Presents disadvantages requiring consideration. A considerable amount of discomfort, if not actual pain, is frequently caused by this procedure, and the restlessness which commonly Results may call for sedatives, which would normally be contraindicated by the condition of the patient. Absorption of the fluid is frequently uncertain, and the exhibition of glucose in the solution is contra-indicated on account of the irritation of the tissues which it is liable to induce. Fat necrosis of the hreast occasionally follows an infusion into the retro-mammary tissues, which is the favourite site for injection. Although this is Undoubtedly an uncommon sequel the danger cannot be entirely disregarded.
Most of the uncertainties and disadvantages of rectal and subcutaneous salines would at once seem to be obviated by the choice of the intravenous route of administration. Here, however, certain technical difficulties arise, and have limited its use to cases of extreme urgency or severity. Whereas a rectal or subcutaneous saline is a relatively simple procedure, which can be carried out by a nurse, an intravenous infusion is generally regarded as a more complicated undertaking, and from the fact that it usually demands the attention of a skilled operator together with a variety of apparatus, it frequently attains to the status of a minor operation. When, as is very often the case, the infusion requires to be repeated, this constitutes a very real objection.
Before the advent of the continuous method of infusion, an intravenous saline was usually given by the " rapid" method.
By this, one refers to the common practice of allowing a pint or more of saline solution to run into a vein at a relatively fast rate, through an ordinary intravenous needle or canula. While this method is of inestimable value in tiding the patient over a temporary collapse, due to haemorrhage, shock, or other emergency, its beneficial effect in other conditions is often short-lived and repeated injections become necessary. Furthermore, as Hamilton Baily3 has pointed out, it is manifestly unphysiological to put into the circulation a pint or more of fluid more or less suddenly. Severe reactions, following this procedure, although uncommonly encountered, are by no means unknown, and have been collectively described by Hyman and Hirschfeld,4 under the designation of "speed shock."
The Case for Continuous Intravenous Infusion.?It will be seen that many of the disadvantages and dangers associated with intravenous infusion are referable only to the " rapid" method of administration.
If the infusion is given at a slow rate of flow and continued for a long period, i.e., by the continuous " drip" method (Matas1), it is claimed that many of these disadvantages are avoided, while the superiority over rectal and subcutaneous administration is retained.
As Hamilton Baily3 points out, a slow and continuous intravenous flow approaches the ideal. Any danger of "speed shock " is immediately avoided, and the necessity for repeated injections is abolished, since the infusion may be kept going for as long a period as is necessary, the rate of flow being regulated to suit the requirements of the patient.
As compared with rectal and subcutaneous administration the intravenous "
drip" method has in certain cases very definite advantages. A " rectal saline," as normally given, is so eminently satisfactory in the average case, that it would be quite unjustifiable to suggest that its place should be taken by an intravenous infusion, which, even by the most simplified technique, must always remain a rather more complicated procedure. At the same time, it is indisputable that there are many types of cases where saline administration per rectum is most uncertain in its effects, if not definitely contra-indicated. When the fluid requirements of the patient are urgent, when the colon deserves rest, or when its powers of absorption are in doubt, the necessity of some other route of saline administration is obvious. It is in cases such as these that we find the indication par excellence for the employment of the intravenous 532 " drip." This, it is claimed, enjoys an immeasurable superiority over the only other alternative, a subcutaneous infusion, the disadvantages of which have already been discussed. By the intravenous route, the immediate absorption of the fluid and its distribution throughout the organism are assured, and by the "drip" method the total quantity administered, together with the rate of flow, can be regulated with an exactitude impossible with other methods. Once installed, the infusion can be continued for an indefinite period, during which time the requirements of the body for fluid, salt, and glucose are readily assured, with the minimum of discomfort or physical strain to the patient.
Most of the advocates of the continuous " drip" method suggest that the ideal rate of infusion should be 30 to 40 drops, or 2 to 3 c.c. per minute. At this rate of flow, 3000 to 4000 c.c. or more roughly 4^ to 6 pints of saline solution are administered in the twenty-four hours. In cases where the administration of glucose is desirable, this may be added to the infusate in 5 per cent solution, when at the normal rate of flow, 150 to 200 grms. of the sugar will be exhibited, and will supply from 600 to 800 calories in the twenty-four hours. If glycosuria intervenes, insulin may be added in appropriate doses to the infusate.
As apre-operative measure, an intravenous "drip " infusion is invaluable in the case of extremely ill patients. When carried ?ut for twenty-four to forty-eight hours prior to operation, the resistance of the patient may be enormously increased, and the dangers of a severe operation correspondingly minimised.
During operation, the infusion may with advantage be continued, as there can be no better preventative of the shock and the fall of blood pressure so commonly encountered in serious cases.
Where spinal anaesthesia is employed, the Method has a special application.
Post-operatively, special advantages are claimed for the continuous " drip" method, in regard to the prevention of common post-operative complications, viz., nausea, vomiting (especially the cyclic type after gastro-enterostomy), dilatation of the stomach, and anuria.
As already suggested, it is Jndicated in any case where the fluid requirements of the Patient are urgent, or where rectal administration is in any way Unsatisfactory.
The use of the intravenous "drip" has been urged in a n.s. iv., xli. no. ix. 533 2 m 2 N large number of specific conditions. It has been employed with success in cases of haemorrhage or shock, but it is more probable that in such cases of emergency, the ordinary or " rapid" method of intravenous infusion is of greater value, in that an immediate effect is required. In an extremely collapsed patient, however, where some immediate improvement has been obtained by a " rapid " intravenous infusion, such improvement may be maintained by following it up with a continuous "drip," to which adrenaline or ephedrine may be added as desired.
A further advantage of the continuous method has been suggested in regard to its use in cases of serum therapy. It has to be very few. Saline administration by this method has been continued for as long a period as eleven days, at the rate of 4 to 6 pints per day, without any ill effects being observed. At this slow rate of infusion, there appears to be little danger of overdosage in the average case. In cases where there is liability to the development of hypostatic pneumonia, or where renal inefficiency is known or suspected, a much greater care must ?f course be exercised in the use of the infusion.
Apparatus.?Numerous types of apparatus for continuous intravenous infusion have been described. The majority consist ?f a reservoir or container, which is connected to a glass topping tube, by means of which the rate of flow can be accurately estimated. From there, by means of rubber tubing connected to a needle or canula the fluid is run into a vein.
The problem of heating the fluid has been rather a controversial one. The necessity for doing this at all has been denied by Edward Gallie and Harris,5 who suggest that the intravenous infusion of saline at room temperature causes no ^ore disturbance to the patient than does the administration ?f fluid of similar temperature by mouth. In spite of this assertion, however, it is noted that the patient does sometimes complain of pain in the arm, or of a general feeling of chilliness, if the fluid is given cold. Even although such discomfort may be rare, it can hardly be doubted that, on general principles, it *s eminently more satisfactory to administer the fluid at the body temperature, if this is at all possible. At first an attempt Was made to maintain the temperature of the fluid in the reservoir, by hanging round it electric pads or hot water bottles, but it has been shown that, at the slow rate of infusion desirable, the warmth of the solution in the reservoir is completely dissipated before the vein is reached. It is apparent, therefore, that, at this slow rate of flow, the heat, ir* order to be effective, would require to be applied to the fluid immediately before it enters the vein. It is suggested by Gallie and Harris that " to add to the apparatus an appliance for maintaining the fluid at body temperature would greatly add to its complexity." Various forms of electrically controlled thermostats have been suggested for this purpose, but all are subject to the above criticism.
The ease and convenience with which a continuous lntravenous infusion may be administered, and its popularity therefore for general use, must necessarily be inversely pro-portional to the complexity of the apparatus employed. If, as several writers have suggested, we are content to administer the saline at room temperature, a continuous intravenous "drip" need never be a complicated procedure. In the apparatus about to be described, there has been included a heating appliance which, the writer ventures to suggest, in no way detracts from its simplicity.
Description of the Apparatus.* The apparatus is depicted in the accompanying illustrations.
A rather larger reservoir than that usually described has been employed. This consists of a glass flask, of 20 oz. capacity, which is preferably of "Pyrex" or other variety of heat-resisting glass. This is connected to a glass dropping tube, by a short length of rubber tubing, on which a screw clip is placed. The heat is thereafter applied to the fluid by allowing it to pass through a glass U-tube, which is placed in a Thermos flask of hot water.
The glass U-tube may be of the simplest pattern, or it may have a double bend, as shown in the diagram. The two limbs of the U-tube are carried through a rubber cork fitting the flask, or preferably, as illustrated, it is of advantage to have separate glass tubes passing through the cork, these being connected with the U-tube by short lengths of rubber tubing. This greatly diminishes the risk of breaking the U-tube in manipulation. One of the tubes passing through the cork is straight; this is connected to the dropping tube by rubber tubing of convenient length. The other, which is bent to a right angle for convenience, is for the attachment of rubber tubing * The apparatus has been made up for me by Arch. Young & Son, Ltd., Forrest Road, Edinburgh. The canula or needle is not attached directly to this tubing, but intermediate glass and rubber connections are added. The glass connection serves a double purpose. A small piece of adhesive plaster, placed across it, will ensure the complete fixation of the needle or canula in relation to the vein. Secondly, where a needle is used, its satisfactory insertion lnto the vein is noted by observing blood-staining of the clear fluid in the glass tube. Alternative fittings for needle or canula are included in the apparatus, and are shown diagrammati-cally< Technique.?The whole apparatus, partially disconnected, js boiled before use, with the exception, of course, of the thermos flask, which does not require to be sterile. It is then connected up as shown; the screw clip is closed, and the flask Hed up with saline solution. The clip is opened and the fluid flowed to run through until all air has been expelled from the Cubing. The apparatus is then ready for use.
Choice of the Vein.
Several writers have stressed the lrnP?rtance of choosing a small vein, where the lumen will be almost entirely filled by the in-going saline, and where therefore the risk of clotting round the needle or canula will be considerably reduced. The veins of the cubital region are unsatisfactory, ?th for this reason and on account of the impracticability of "eeping the elbow at rest in the extended position for long Periods.
Gallie and Harris5 advocate the use of one of the veins on the dorsum of the hand. They suggest that it is unnecessary to expose the vein, maintaining that in most cases a hypodermic needle inserted into the vein will adequately serve the purpose, his is, however, an undeniably delicate procedure, and in the ew of my cases where it was successfully accomplished, the Method proved unsatisfactory, on account of the fact that clotting at the mouth of the needle or rupture of the vein occurred early. With this method, some form of light splint ls necessary to procure immobilisation of the wrist and fingers. Other workers, including Hamilton Baily,3 have advised the election of the saphenous vein, either a hand's breadth below 537 i Alternative fittings for use with needle or canula.
Alternative fittings for use with needle or canula. the knee, or at the medial malleolus. In the former situation the writer has found a great tendency to clotting round the mouth of the canula, probably due to the fact that the vein in this area is rather too large to be filled by the saline, so that back flow of blood occurs.
In both situations the saphenous vein may not be easily identified, and it is usually necessary to cut down upon it. Moreover it is generally recognised that the veins of the inferior extremity are particularly prone to thrombosis. Where glucose solutions are employed, this is especially liable to occur, and presents a definite disadvantage. Even in patients who are not restless, some form of splint or retentive apparatus is usually necessary to keep the leg at rest.
I have obtained the best results
by utilising the cephalic vein in the middle third of the radial side of the forearm. Even in the case of collapsed patients, this vein is easily identifiable, and is usually of a convenient size for our purpose. Furthermore, since the part of the vein selected is intermediate between the elbow and wrist joints, there is no necessity for a splint or other retentive apparatus, which must always be irksome to an extremely ill patient. The arm lies alongside the body, loosely anchored by a strip of bandage passing over the wrist and safety-pinned to the sheet, movements of the elbow and wrist being only moderately restricted. Alternatively, the arm may be supported in a low sling, in which case the flexion of the elbow should not be more than a right angle, so as not to impede the venous return from the forearm. In the accompanying drawing, the arm is shown in this position. Needle or Canula ??In more than half the cases it will be 538 Drawing to illustrate the site of insertion of the needle. Its fixation in relation to the vein is maintained by means of a small piece of strapping placed across the glass connection. The arm is anchored by a strip of bandage passing over the wrist, which is safetypinned to the sheet.
Drawing to illustrate the site of insertion of the needle. Its fixation in relation to the vein is maintained by means of a small piece of strapping placed across the glass connection. The arm is anchored by a strip of bandage passing over the wrist, which is safetypinned to the sheet. found unnecessary to expose the vein. Except where the veins are unusually small or collapsed, an ordinary intravenous needle can usually be inserted without any great difficulty. There is of course a greater tendency to thrombosis in the vein or leakage into the tissues than when a canula is tied in, but as a rule the infusion can be continued for at least twenty-four hours by this Method, and longer periods of from thirty-six to forty-eight hours are the rule. In the majority of cases an infusion of this length is found to be adequate, but in the cases where prolonged administration is desirable, the needle can be inserted into another vein.
In cases where the veins are small and difficult to identify, ?r where a prolonged infusion is intended, it is probably better to expose the vein and tie in a canula in the usual way. The straight canula is to be preferred to the curved type, because it lies more snugly against the arm, and is less liable to become blocked from its end being pressed against the vein wall. When the vein is a small one, a metal canula, from its smaller size, is more easily inserted. Various ingenious types of metal canulse have been devised for this purpose, but these are a refinement, the necessity of which it is difficult to recognise. An intravenous needle, the point of which had been deliberately blunted, or better still, a serum needle which has been broken off short, both make excellent canulae, and are admirable for the purpose.
It is rarely necessary for the needle or canula to be stitched to the skin. A small piece of adhesive strapping placed over the glass connection, and a light dressing over the needle Puncture or wound, will as a rule secure adequate fixation.
Where the needle alone is used, the infusion can be estabiished in less time than is required for the administration of a "rectal saline," and with considerably less discomfort and disturbance to the patient. In many cases it can be given by an experienced ward Sister. When it is necessary to expose the vein and tie in a canula much of this essential simplicity is lost, in that a local anaesthetic, together with a variety of instruments, is required, but this is fully compensated for by the knowledge that the absorption of the fluid is thereafter assured for an indefinite period, with the minimum of discomfort to the Patient.
Rate of Flow.?While the rate of flow advocated for the intravenous "drip" is generally stated at 30 to 40 drops per minute, or 4^ to 6 pints per diem, this can be varied within fairly wide limits to suit the requirements of the patient.
Where his fluid or chloride needs are urgent, as in cases of intestinal obstruction, or after a severe operation, this rate of flow can be doubled or even trebled, for the first two or three hours, or until a satisfactory improvement is obtained. It is probably advisable thereafter to reduce the rate of flow to that generally advocated. This is usually very satisfactory in the average case, and offers little danger of over-dosage.
Temperature of the Fluid.?The reservoir is filled up with cold saline solution as often as is necessary (i.e., about every four hours at the "normal" rate of flow). The heat is only applied as the fluid approaches the vein, by the U-tube and Thermos flask already described. The temperature of the fluid as it enters the vein is dependent, not only on the temperature of the water in the flask, but also on the rate at which it is flowing. At the rate usually advised for the " drip" method (i.e., not exceeding one drop per second), we have found that, to ensure the fluid entering the vein at approximately body heat, the temperature of the fluid in the Thermos flask should be between about i5o?F. and boiling-point, these variations depending of course upon the length of tubing between the flask and the vein. Accordingly, as the water in the Thermos flask cools fairly rapidly, it is our practice to ask the nurse to refill the flask with boiling water every two to two and a half hours.
At the beginning of each period, the temperature of the fluid entering the vein will be slightly above body heat, and at the end, slightly below. These variations are made necessary by the simplicity of the apparatus, and cannot be regarded as of any importance, the main point being that the chill is taken off the saline, and any danger of reaction following the absorption of cold fluid is avoided. This apparatus is equally useful when it is desired to administer the saline at a rapid rate, in order that an immediate effect may be produced, e.g., in cases of shock or collapse. By this method it is essential, however, that the temperature of the water in the Thermos flask be greatly reduced, as there is less time for cooling of the solution between the flask and the vein. Thus, if the saline is allowed to run in as fast as possible, (i.e., with the clip fully unscrewed), through an ordinary needle or canula, the temperature of the water in the flask should not exceed iio? F. When a "drip" infusion is started, it is usual to allow the first ounce or so to run in rapidly to ensure that the 54? Way is clear. It is important, therefore, to avoid putting the U-tube into the boiling water, until the rate of flow has been screwed down to the "normal" for the "drip" method. The temperature of the water in the Thermos flask required for lntermediate rates of flow may be estimated by feeling the Warmth of the rubber tube close to the vein. Where serum or anti-toxin is administered in the saline solution, it is essential that the water in the flask should not be above body temperature, or coagulation of the serum will be brought about.
The Thermos flask stands conveniently on a table or chair at the patient's bedside.
Duration of the Infusion.?The danger of over-dosage aPpears to be slight, and the infusion has on more than one Occasion been continued for over a week without any ill effects eing observed. In the cases where a satisfactory result is obtained, however, the necessity for continuing the infusion eyond a period of three to four days is infrequent, and in the ^aJority of cases an infusion lasting twenty-four to forty-eight ?urs is found to be adequate.
Some workers have laid stress on the importance of mainlining a careful check on the output of urine, as a safeguard aSainst over-dosage. I have not been able to satisfy myself as 0 the value of this procedure, since any balance which there may be between saline administration and excretion of urine j^Ust vary within wide limits according to the state of dehydra-?n of the patient, and his capabilities for absorption. A reliable sign of over-dosage is slight oedema below the eyes 0r at the ankles. This occurs sufficiently early to give ample ^arning, and the nurse is instructed to stop the infusion at the rst sign of its development.
. After three or four days, slight swelling of the arm above the S1te of the injection frequently occurs. This is probably due to a Httle leakage from the vein, and unless it is painful or rapidly Progressive can usually be disregarded. Where glucose solutions e employed, the arm occasionally becomes swollen, red and ^nder in the region of the vein. Hamilton Baily3 regards ls as a chemical phlebitis, and points out that it settles down rapidly after the withdrawal of the canula. in ^aSe ?,eP?rt's-?Experience of continuous intravenous infusion a series of 45 cases has convinced me of the great possibilities the method in the treatment of the surgical patient. A etailed description of this series would be of doubtful value, as 54i in many of the cases where favourable results were obtained, it would be unjustifiable to maintain that these were due solely to the use of the " drip," and that they would have been unattainable by other methods. In selected cases, however, where the requirements of the patient for fluid, chlorides, or glucose are urgent, or where saline administration by other methods is unsatisfactory, the results are frequently most dramatic, and leave little doubt as to the value of this method of treatment.
In the four cases described below, the superiority of the intravenous "drip" method over rectal and subcutaneous infusion is well shown, and the claim that it proved to be a life-saving measure is, I think, justifiable.
Case I?A man aged 42 who developed cyclic vomiting, 48 hours after gastro-enterostomy for duodenal ulcer. This was unrelieved by the usual conservative treatment, including gastric lavage and rectal and subcutaneous salines.
His condition rapidly became worse, and operation was decided on. An intravenous "drip" of saline containing 5 per cent, glucose was started, as a supportive measure, prior to operation. A relatively fast rate of flow was maintained at the beginning, and 2 pints of the solution were administered in the first
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Photograph showing the apparatus in use. (Case IF. described in the text.) The sling has been removed to show the method of insertion of the needle.
Photograph showing the apparatus in use. (Case II. described in the text.) The sling has been removed to show the method of insertion of the needle. 3 hours. The immediate improvement in the patient's condition was So marked that operation was delayed. The infusion was continued at the normal slow rate for a further 24 hours, 8 pints of saline being administered in all. The patient only vomited once after the mstallation of the infusion, and thereafter made an uninterrupted recovery without operation.
Case II?A boy of 18 (case photographed) developed paralytic lntestinal ileus, 3 days after operation for general peritonitis due to ruptured appendix. Vomiting was severe, and there were signs of Progressive dehydration. Rectal salines, which had been given 4-hourly since operation were returned unabsorbed. A subcutaneous saline was badly tolerated by the patient and gave rise to intense
Restlessness. An intravenous infusion by the "drip" method was lnstalled, and was continued for 72 hours, 15 pints of saline solution heing administered during this period. The improvement in the Patient's general condition was immediate; the vomiting ceased Wlthin a few hours of the commencement of the infusion, and did not recur. Evacuation of the bowel occurred in response to stimulants on the following day, and the patient made a good recovery.
Case III?A man, aged 60, suffering from gall-stones, who had cholecystectomy performed, with drainage of the common bile duct.
A biliary fistula persisted for 3J weeks after removal of the drainage tube. This drained large quantities of bile, and the patient became extremely dehydrated. Replacement of the fluid by mouth was difficult, as vomiting was easily induced, and administration of saline solution per rectum was without any apparent effect. A continuous intravenous infusion was then installed, and after 24 hours a very ennite improvement was noted. 14 pints of saline containing 5 per cent, glucose were administered in 3 days, during which time the improvement was steadily maintained. The infusion was then discontinued, owing to clotting having occurred in the needle. A shght relapse occurred during the 48 hours following the withdrawal the infusion, but an immediate and progressive improvement resulted rom the re-installation of the "drip" for a further period of 2 days, ue fistula closed slowly, and the patient made a satisfactory recovery.
Case IV.?A woman, aged 37, who developed a faecal fistula lowing operation for perforated appendicitis with localised abscess. w? attempts were made to close the fistula by operation but both V^ere unsuccessful, and an extreme degree of dehydration resulted from e continued drain of liquid faeces. Rectal salines were returned unabsorbed, subcutaneous administration was unsatisfactory on account of the emaciation, and the patient appeared to be rapidly sinking. After an intravenous "drip" infusion lasting 48 hours, her general condition was so improved as to permit of an ileo-transverse colostomy being performed under spinal anaesthesia. The infusion was continued during the operation, and for 3 days subsequently. The immediate results of operation were entirely satisfactory, and the patient was discharged to a convalescent home some four weeks later. I am greatly indebted to Mr R. S. Lawson and Mr T. C. Clare of Leicester, and to Mr W. J. Stuart and Mr F. E. Jardine of Edinburgh, for their encouragement in the use of this method of treatment, and for their permission to publish cases.
